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Abstract: Fourier transform infrared spectroscopy was used as a tool for identifying spectral markers 
representing differences between Escherichia coli and Borrelia Burgdorferi sensu stricto. In order to 
prescribe an effective treatment it is important to identify the pathogenic agent as fast as possible. 
Among the existing methods based on the vibrational spectroscopy that can provide a real time 
detection of microorganisms, there is also the Fourier transform infrared spectroscopy. We obtained 
main differences in spectral range 3250-3650 cm-1 (region dominated by hydroxy or amino groups), 
1500-1200 cm-1 (mixed region) and 1200-900 cm-1 (polysaccharide region). Our results suggest that 
FT-IR spectroscopy can be used for the detection of the biochemical differeces between Escherichia 
coli and Borrelia Burgdorferi sensu stricto. 
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INTRODUCTION 
 
Along the years, infrared spectroscopy has been applied in fields such as physics and 
chemistry, but since 1949, due to its sensitivity to the chemical information and structure of 
the molecule, it was also used in the medicine field. The first applications of IR spectroscopy 
offered information about molecular structure of tissues and peptide.(Ditsa V., 2012) Due to 
the rapid development of resistance at antibiotics of the microorganisms, the treatment must 
be more effectively managed, implying the need of more rapid identification of 
microorganisms. Thus, since 1970, infrared spectroscopy has become a genuine biophysical 
method for  rapid identification of microorganisms, when Fourier transform infrared 
spectroscopy begin to be used in biomedicine. 
Previous studies reported the use of Fourier Transform infrared spectroscopy in 
identifying cancer cells (Erukhimovitch, 2002; Huleihel, 2002), cells infected with viruses 
(Salman A. et al. 2002), microorganisms (Becker, 2006; Kirschner , 2001; Maquelin , 2003; 
Erukhimovitch , 2005; Yu, 2005; Lamprell, 2006; Beekes , 2007). Lamprell et al. (2006) 
successfully used FT-IR spectroscopy for discrimination of Staphylococcus aureus strains 
from different species of Staphylococcus. Filip et al. (2008) used FT-IR for detection of the 
characteristics of differently cultivated E. Coli (Filip et al. 2008). 
Rapid identification of these bacteria is very important, because they  can be 
associated with human diseases that possible need fast medical treatment. Different strains of 
E. coli have been associated with enterophathogenic, enterotoxigenic, enteroinvasive and 
hemorrhagic human diseases. Borrelia Burgdorferi sensu stricto is the pathogenic agent which 
causes Lyme borreliosis. 
In present study FT-IR was used for the detection of some spectral parameters 
representing biochemical differences between Escherichia coli and Borrelia Burgdorferi 
sensu stricto. 
 MATERIALS AND METHODS 
 
Sample preparation 
E. coli: Agar poured into Petri dishes with a diameter of 12 cm, was sown with 
bacterial inoculum, prepared from 24-hour culture on agar, diluted in saline tube density of 
0.5 McFarland scale. Immediately after sowing was charged 3.5 mm diameter wells, the 
compounds were assigned a concentration of 15% in quantity of 40 ml / well. 
Borrelia burgdorferi sensu stricto were growth 7 days at 34 C in Barbour-Stoener-
Kelly H (BSK H) medium supplemented with 1% antibiotic. 
FT-IR measurement 
The spectra was obtained in the wavenumber range of 450-4000 cm-1 using 2 mg of 
cell mass were made pill with 200 mg of KBr. Spectral resolution was set at 4 cm-1 and all 
spectra were acquired over 256 scans. 
 
RESULTS AND DISCUSSION 
 
Fourier transform infrared spectroscopy spectra that were obtained for the E. coli and 
Borrelia burgdorferi sensu stricto species show main differences  in the following spectral 
ranges: 
a) 3250-3650 cm-1 in this region gave rise to very characteristic absorption bands 
due to hydroxy or amino groups. In this wavenumber range two differences can be seen, a 
peak at ~3291 cm-1 that appear only at E. Coli and a significant absorption at ~3426 cm-1 
observed only in B. Burgdorferi spectrum. The differences obtained in this spectral range are 
given in Figure 1.  
The peak at ~3291 cm-1 can be attributed to the O−H symmetric stretching vibration 
of polysaccharides and amino acides (Filip., 2008; Goodwin, 2006), but this peak can be also 
attributed N-H stretching vibrations of nucleic acids components such as adenine, guanine, 
and/or cytosine mainly, and only in part to some OH groups absorbed by nuclic acids (Parker, 
1971).  
The band at ~3426 cm-1 due to O−H stretching vibration of hydroxyl group.( Beekes, 
2007; Pegram, 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. FT-IR spectrum between 3250-3650 cm-1 
 
b) spectral range between 1500-1200 cm-1 is considered to be a mixed region 
because it contains chemical information from proteins, free amino acids, polysaccharides, 
DNA/RNA and phospholipids. In this range we obtained some spectral parameters 
representing biochemical differences between E. coli and Borrelia burgdorferi sensu stricto 
through comparing its spectra. The differences can to be seen in Figure 2. The band that 
appear at ~1231 cm-1 in the spectrum of the B. B. sensu stricto can be assigned to the 
phosphate double bond asymmetric stretching vibration of phosphodiesters (Beekes, 2007; 
Yu, 2005; Alvarez-Ordóñez, 2011), and it can be seen also in the spectrum of the E. coli at 
~1241 cm-1. In spectrum of the B. Burgdorferi can see the shoulder at ~1258 cm-1 assigned to 
the C−O stretching of O-acetyl ester (Garpi, 2005) bonds that missing in spectrum of the E. 
coli. The band that represents amide III appear at ~1315 cm-1 (Beekes, 2007; Yu, 2005; 
Goodwin, 2006) and it is clearly identifiable in the spectrum of the B. B. sensu stricto, but less 
visible in the E. coli. The weak band at ~1339 cm-1 which was only seen in the spectrum of E. 
Coli appear because the acetate is oxidised by tricarboxylic acid cycle or in plane C−O 
stretching vibration combined with the ring stretch of phenyl (Garpi, 2005; Movasaghi, 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 FT-IR spectrum between 1500-1200 cm-1 
 
c) 1200-900 cm-1 - the bands that appear in this region due to the presence of the 
carbohydrates within the cell wall and to the PO2- groups found in nucleic acids. Comparing 
the spectra  of the E. Coli and B.burgdorferi the results obtained in this spectral range show 
that only the band that appear at ~1083 cm-1 due to P=O symmetric stretching in DNA , RNA 
and phospholipids (Beekes, 2007; Yu, 2005; Garpi, 2005; Goodwin, 2006; Alvarez-Ordóñez, 
2011) is presents in both spectra. The bands such as that of ~916 cm-1, ~969 cm-1  assigned to 
C-C structure of DNA backbone (Garpi, 2005; Cai, 2008), ~997 cm-1  assigned to P=O 
vibration stretching of >PO2 phosphodiester backbone – nucleic acids, hidrophilic phosphate 
group in phospholipid (Goodwin, 2006) and to C−O stretching vibration in oxidic structure of 
cells membranes (Lorin–Latxague and Melin 2005) ~1056 cm-1 assigned to P−O or C−O 
backbone stretching (Cai, 2008; Lipiec, 2012) appear only in the E. coli spectrum, while some 
bands are present only in B. B. sensu stricto spectrum. The bands that appear only in B. B. 
sensu stricto are at ~953 cm-1 corresponding to aromatic C−H in plane band (Huang et al., 
2006), ~1047 cm-1 assigned to C−O stretching frequencies coupled with C−O bending 
frequencies of the C−OH groups of charbohydrates (Movasaghi et al., 2008), ~1120 cm-1 
attributed to vibration stretching (CC) skeletal trans conformation DNA and RNA backbone 
(Yu et al., 2005) and at ~1184 cm-1 due to CH2 band of deoxyribose (Movasaghi et al., 2008). 
The differences obtained in this region appear due to substantial modification in the oxidic 
C−O−C structure and phosphodiester (P−O−C) backbone in cell membranes. 
 
 
  
 
Fig. 3 FT-IR spectrum between 1200-900 cm-1 
 
CONCLUSION 
 
FT-IR spectroscopy is able to identify spectral markers representing differences 
between Escherichia coli and Borrelia Burgdorferi sensu stricto. 
FT-IR is a method for the rapid identification of the microorganisms, able illustrare a 
fingerpint of the molecule. Infrared spectra can offer information about the main functional 
groups due to vibration motion of atoms within molecule. Due to its sensitivity, simplicity and 
rapidity FT-IR spectroscopy promises to be a great value for identification and charaterization 
of the microorganisms.  
FT-IR allows a noninvasive investigation of biological samples, requiring a small 
amount of the sample. 
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